Abstract: Climate change is a great threat to the already climate-unstable West Africa. Current and potential impacts are especially hard on farming in the Sudan savannah, thus adaptation is widely advised and encouraged, and already occurring. In the study sites Dassari, Benin, and Dano, Burkina Faso, farmers' climate change perceptions and practiced coping measures were qualitatively and quantitatively recorded. Analyses included statistical testing to detach anecdotal responses from factual decisions. Results reveal that responses regarding climate change perception and adaptation are frequently subjective, conjectural and inconsistent. Farmers' acknowledge that adaptations to climate change impacts are diverse, but site specific. Measures do not causally respond to the type of hazard, nor to its impacts, but instead tend to address wide-ranging demands, such as household food security, income generation and capitalization. Hence, causally linking hazards, impacts and responses can be misleading, and measures can thus be ineffective. After our findings, key qualities of effective coping measures are short-term economic returns, compatibility with local ecological, social and institutional settings and agreeing with the customary farming traditions. With respect to operability, the national agricultural extension services are still the most relevant instances. Considering these aspects can support local farming adaptation and also increase the general resilience of the households.
Introduction

Climate Change and Farmers' Perceptions
The fifth assessment report (AR5) by the Intergovernmental Panel on Climate Change (IPCC) ratifies the increase in atmospheric CO 2 concentrations and a consequent rise in global temperatures, which negatively impact the whole planet, but are especially hard on vulnerable regions such as the African continent [1] . The climate forecast for West Africa predicts increasing temperatures and decreasing and irregular rainfall. Time series analyses show that since 1970, temperatures have increased by between 0.5 and 0.8 • C [2] , and since 1950, precipitation has decreased and is projected to drop by 10% over the 21st Century [3, 4] . This situation is exacerbated by inherent stressors such as poor soil fertility, scarcity of water and limited or inexistent infrastructural and institutional support, which also hamper the promotion of adaptation and the enforcement of mitigation actions due to technical, managerial or financial limitations [5] [6] [7] [8] [9] [10] .
Farmers' interest in climate mainly regards the need to forecast weather to adjust their cropping decisions [11] . This information has often been disregarded by scientists as a source of reliable knowledge [12] . Recent studies tend to reconsider this, since it is believed that local and traditional knowledge can provide useful insights about local climatic systems and on peoples' vulnerability, resilience and adaptability [13] . However, the integration of local and scientific knowledge is still limited by the incomplete understanding of local knowledge systems and the lack of approaches and tools to integrate both [13] [14] [15] .
The latest research has hypothesized the existence of links between farmers' and other stakeholders' climate change perceptions and valuation, as well as their responses with climate records [16] [17] [18] . In the case of West Africa, although there is a general coincidence between scientific and farmer observations that indicates 'less and increasingly irregular rainfall periods and longer and drier spells' [9, 19] , it is known that farmers' perceptions may differ for several reasons, e.g., degree of involvement with the market, gender and ethnicity, general political, economic and geographic settings and supernatural and fatalistic beliefs [20] [21] [22] .
Implementation of Adaptation Measures
Technically, farming adaptation refers to minimizing the carbon and nitrogen concentrations in the air, vegetation and soils and promoting the efficient use of macro-and micro-nutrients in physiological processes [23] . For West Africa, the scientific literature suggests measures to increase soil fertility, such as the use of improved technologies, e.g., minimum tillage, compost, mulching, rotations with legumes, and the encouragement of retention and storage of carbon and nitrogen [24] [25] [26] [27] . To cope with water scarcity, the use of supplemental irrigation, improvement of storage capacities, utilization of surface and shallow groundwater and strengthening of community-based management are recommended [28] [29] [30] .
However, despite being based on sound science, the implementation of these measures does not always increase farmers' adaptive capacities [31] . Other factors may hinder farmers' adaptation to climate change, such as the lack of sound weather forecasts, poor access to financial means, depleted natural stocks, farmland scarcity and insecure land tenure and limited access to inputs [20, [32] [33] [34] [35] . In general, these factors are related to poverty [36] and rarely to knowledge [32] , which supports the assumption that the economic, political and social conditions are at least as important as the reactive measures [37] .
Hence, it is clear that in order to succeed, adaptation measures have to suit the local biophysical conditions [38] [39] [40] , provide complementary goods, benefits and services to householders [41] , enlarge the scope to broader scales, mainly in terms of policy and trade [42] , and finally, due to the high unpredictability of climate change and variability, embrace resilience as a key feature [42, 43] . In order to be feasible, multilateral settings and enhanced partnerships between governments, non-governmental and even private organizations are necessary [44, 45] . In this regard, a number of local studies have corroborated the success of specific measures in specific settings [20, 22, 34, 35, 46, 47] . However, these studies refer mainly to farmers' perceptions, in general based on estimated and secondary data. This simplifies the complexity of the adaptation phenomenon by focusing on specific insights and practices disconnected from their context and other interacting factors.
In the above-depicted context, this study investigated the perceptions and adaptive behavior of West African farmers regarding climate change and variability. First, the farmer perceptions concerning the causes, impacts and local alternatives for dealing with changes in their situation were investigated (Section 3.1); second, the type, extent and relative importance of their coping measures were identified and assessed (Section 3.2) and framed within institutional contexts (Section 3.3). The results were cross and statistically analyzed revealing their shortcomings and inconsistencies. Based on this, dominant positions and reports regarding farmers' climate change perceptions and adaptations can be observed and lessons extracted for a more effective policy design and implementation.
Materials and Methods
Research Sites
The West African Sudan savannah is very climate sensitive [48] . Major drivers are the InterTropical Convergence Zone (ITCZ) that determines the 'harmattan', i.e., wind fluctuations from the Gulf of Guinea and the Sahara desert, and the constant solar radiation, which together lead to short unimodal rainy seasons, a hot and dry climate and daily and seasonal variations in temperature and relative humidity [29, 49] . The landscape is mainly shaped by human activities. Agricultural fields and grasslands with trees (parklands) dominate over scattered forest patches; streams are drained and ephemeral; and natural fauna is depleted and restricted to conservation zones [50] .
Farming systems are extensive, subsistent, low-input-based and rainfall dependent. Land-use intensity diminishes with increasing distance from the homestead. Fallowing is still the main way to restore soil fertility. Cropping systems are dominated by drought-tolerant cereal species such as sorghum (Sorghum sp.), maize (Zea mays) and millet (Pennisetum sp.), legumes, e.g., groundnut (Arachis hypogea) and cowpea (Vigna unguiculata), as well as crops with a high market value, such as cotton (Gossypium hirsutum). Livestock is ubiquitous and multipurpose and often interacts with cropping systems, but is of low technical standard [8, [51] [52] [53] .
In these settings, two catchment sites were studied, i.e., Dano in Burkina Faso and Dassari in Benin. These sites were ex-ante selected as part of the West African Science Service Center on Climate Change and Adapted Land Use (WASCAL; http://www.wascal.org/, which is a regional organization with the mandate to enhance the understanding, data availability and local capabilities to increase farming systems' abilities to cope with climate change). In this common sampling frame, several experiments and systematic data collection took place successively. Both catchments are located along the same latitude (11 • N) and therefore may share biophysical and ecological conditions, but it is assumed that they differ in their socioeconomic characteristics (Figure 1 ). This was of fundamental importance, as we did not intend to compare performance, but to detect differences useful for operationalizing technical and policy-related suggestions.
Dassari arrondissement belongs to the municipality of Materi, Atacora department, located in north-west Benin, 30 km from the border with Burkina Faso and Togo and 75 km from Natitingou, the department capital city. The arrondissement comprises 17 scattered villages developed near small dwelling agglomerations, markets and roads; in 2006, the population was 23,000 [54] . Annual rainfall exceeds 1000 mm, distributed in a bimodal pattern, while the annual average temperature is 28.7 • C with maximum peaks over 40 • C [55, 56] (Figure 1 ). The natural vegetation varies seasonally depending on water availability, although the area is mostly deforested and consists of grazing and farm lands. The main crops are sorghum, beans, maize and cotton [55, 57] . According to the FAO classification, soils are Ferric Lixisols characterized by poor macronutrient and organic matter content and of limited depth due to their lateritic origin, often suffering from crusting and compaction [19] . Water bodies are scarce and often affected by sand sedimentation [57] .
Dano is a department and in the Ioba province located in south-western Burkina Faso about 250 km from the country's capital Ouagadougou. The department covers 669 km 2 and counts 22 rural villages and one urban center. The population is estimated at 44,000, and the area has the highest population density in Burkina Faso [58, 59] . Annual rainfall is about 1000 mm in a bimodal regime, and temperatures range from a minimum of 20.1 • C to a maximum of 38.4 • C [56, 60] (Figure 1 ). The original dominant vegetation consisted of scattered trees and perennial grasses, but it is now replaced by annual crops such as millet, sorghum or maize cultivated in monoculture or associations. Dominant soil types are Lixisols with poor nutrient content, low water-holding capacity and high erodibility, as well as Cambisols (silty clayey) and Leptosols (clay, loamy and very shallow) [59, 60] . 
Methodology
In this study, multiple and interdisciplinary techniques for data collection and analyses were applied. They combined group and targeted interviews, extensive quantitative household surveys and statistical testing. Results were cross analyzed to identify consistency to extract valid outcomes.
Prior to data collection, explorative group interviews were carried out in each catchment. Applying free listing and image elicitation methods, farmers were asked about their views on major climate change-related hazards and the effects on their livelihoods. Based on their responses, a survey and guidelines for semi-structured interviews were designed.
Considering farmers' climate change perceptions and ongoing coping measures as crosscutting themes, semi-structured interviews were carried out with two categories of stakeholders to obtain traditional and institutional perspectives: (1) elderly members of the community (Benin n = 5 and Burkina Faso n = 6; sampling stopped after reaching theoretical saturation) who were on average about 65 years old, male, retired farmers and now housekeepers and/or caretakers of children. They 
Considering farmers' climate change perceptions and ongoing coping measures as crosscutting themes, semi-structured interviews were carried out with two categories of stakeholders to obtain traditional and institutional perspectives: (1) elderly members of the community (Benin n = 5 and Burkina Faso n = 6; sampling stopped after reaching theoretical saturation) who were on average about 65 years old, male, retired farmers and now housekeepers and/or caretakers of children. They were asked about their opinions on the causes, who they thought was responsible and adequate responses Finally, a survey was applied to a representative number of randomly sampled households (n = 140 in Dassari and n = 122 in Dano). In all cases, the head of the household was the main source of information. The survey covered four domains, i.e., description of the household, characterization of the farming system, the farmer's perception of climate change and variability and the main coping measures. The survey was designed in French, but implemented by local enumerators in the local languages (Dagara in Dano, and Biali in Dassari). Households and coping measures were characterized and geo-localized.
Farmers' responses were analyzed using discourse and statistical analyses, including measures of central tendency and dispersion, and sampling distribution (Chi-squared test). Quantitative responses on the occurrence of extreme events were overlaid with climatic records and their accuracy evaluated. Finally, concordance and symmetry analyses (Kappa and McNemar tests) assessed the consistency of crop selection in successive seasons and farming plots. The software used was SPSS and STATA. Data collection and analyses complied with ethical standards that secured a respectful and safe treatment of the information and identity of participants.
Results and Discussion
Farmer Perceptions
Farmers' perceptions were assessed in three successive phases, i.e., explorative group interviews (later used to design the survey), interviews with elderly farmers and an extensive household survey. The results of the survey were assessed quantitatively and statistically.
Group Interviews
The results of the explorative group interviews show that farmers mentioned variability in rainfall, wind and heat as the main climate-related causes of distress. They also argued that the main effects on farming were lack, scarcity and variability of water, increased number of pest attacks, soil loss and lack of feed for cattle. The opinion was widespread that human health was affected by changes in the climate.
Asked about their responses to these difficulties, the farmers mentioned infrastructural measures, such as the construction of dams, ponds and wells for water storage. Agricultural techniques like soil fertilization, manuring and soil conservation through stone bunds and general activities such as planting trees for multiple benefits and temporary out-migration as the last option were also mentioned.
Interviews with Elderly Farmers
In the interviews with the elderly farmers, climate change was broadly acknowledged. All interviewees stated that these changes affected the climate seasonality and highlighted impacts on yields. Their statements, however, often referred to factors beyond the climate realm:
"Everything has changed. The heat. There is a lot of heat. Before there was not much heat [ . . . ], the wind, the wind is too much, too fast [ . . . ] brings the illnesses, diseases. The rain also. Everything has changed!" "Nature had a calendar that was respected, now there is no longer such a calendar. In contrast, the causes of the changes appeared blurred to the farmers. The answers tended to diverge, stating fatalistic and supernatural forces, as well as human activities as a major cause, which they had probably heard from extension and NGO agents. When asked about alternatives to cope with climatic impacts, elderly farmers tended to combat the hazards by focusing on resources management, but they also referred to organizational and institutional aspects. However, mystical and supernatural arguments complemented the picture. Regarding having heard of climate change, neither positive, nor negative farmer responses showed significant differences (p < 0.05). Information from the media is limited, and so is institutional outreaching, as also observed by Eguavoen and Wahren [62] . Thus, the awareness of climate change seems limited. Hence, farmers' climate change knowledge is mainly based on their "own" experience and interpretation and therefore not aligned with mainstream discourses.
In all subsequent questions on climate, the retrospective time frame was 10 years, except for farming activities, e.g., crop selection, where it was five years. Questioned about changes in climatic elements during the past 10 years, about 60% of the farmers in Dassari and 80% in Dano believed that rainfall had decreased and that temperatures and wind had increased. Variability of rainfall, temperature and wind was perceived to be considerably higher in Dano with 35.5%, 19.8% and 10.7%, respectively, compared to Dassari with 13.9%, 2.2% and 4.4% (p < 0.01). Concerning the importance of the ensuing hazards, droughts were mentioned by more than 80% of the farmers in Dassari and droughts and floods in Dano by 30% and 35%, respectively. However, 10% of the farmers in Dassari and more than 40% of the farmers in Dano (p < 0.01) denied having experienced climate-related hazards. Nevertheless, 91.4% of the farmers in Dassari reported being hit by droughts and 62.5% by wind; in Dano, the values were 71.9% and 35.5%. Floods ranked low in Dassari and were not significant for Dano (p < 0.05).
The perception of hazards may relate to the local biophysical settings, e.g., hilly landscape and profuse lateritic soils in Dano, which increase the vulnerability to floods there. Similarly, the flat terrain and absence of streams increase the proneness of Dassari to droughts. In contrast to the few mentions in literature, e.g., [63] , farmers in both catchments stated almost unanimously that wind/storms were a major climate change-related hazard.
With respect to the impacts on farming, the survey showed a consensus about the increase in pests and diseases in crops and livestock, as well as in soil loss. This also applied to the decrease in crop yields, livestock population and water availability, as well as to fluctuating water availability (p < 0.01) (Figure 2 ). These findings are in line with previous reports [5, 6, 64, 65] with the exception of livestock diseases, which were perceived as particularly acute in the study region and are comparatively underrepresented in the literature. In all subsequent questions on climate, the retrospective time frame was 10 years, except for farming activities, e.g., crop selection, where it was five years. Questioned about changes in climatic elements during the past 10 years, about 60% of the farmers in Dassari and 80% in Dano believed that rainfall had decreased and that temperatures and wind had increased. Variability of rainfall, temperature and wind was perceived to be considerably higher in Dano with 35.5%, 19.8% and 10.7%, respectively, compared to Dassari with 13.9%, 2.2% and 4.4% (p < 0.01). Concerning the importance of the ensuing hazards, droughts were mentioned by more than 80% of the farmers in Dassari and droughts and floods in Dano by 30% and 35%, respectively. However, 10% of the farmers in Dassari and more than 40% of the farmers in Dano (p < 0.01) denied having experienced climate-related hazards. Nevertheless, 91.4% of the farmers in Dassari reported being hit by droughts and 62.5% by wind; in Dano, the values were 71.9% and 35.5%. Floods ranked low in Dassari and were not significant for Dano (p < 0.05).
With respect to the impacts on farming, the survey showed a consensus about the increase in pests and diseases in crops and livestock, as well as in soil loss. This also applied to the decrease in crop yields, livestock population and water availability, as well as to fluctuating water availability (p < 0.01) (Figure 2 ). These findings are in line with previous reports [5, 6, 64, 65] with the exception of livestock diseases, which were perceived as particularly acute in the study region and are comparatively underrepresented in the literature. The contribution of farming activities to climate change was seen as being of great or very great importance: burning of the vegetation (86.8% for Dassari and 75.2% for Dano), cutting of trees (88.3% and 92.6%) and the increase in agricultural land (64.3% and 43.0%). The use of fossil fuels and the increase in population were non-significant (p < 0.01). Again, the results are consistent with previous studies, where land use conversion is mainly associated with slash-and-burn and forest logging [66, 67] . The contribution of farming activities to climate change was seen as being of great or very great importance: burning of the vegetation (86.8% for Dassari and 75.2% for Dano), cutting of trees (88.3% and 92.6%) and the increase in agricultural land (64.3% and 43.0%). The use of fossil fuels and the increase in population were non-significant (p < 0.01). Again, the results are consistent with previous studies, where land use conversion is mainly associated with slash-and-burn and forest logging [66, 67] .
Overlapping results on farmers' perception of climate change and reports of harm to their own livelihoods show that various issues were not sufficiently considered. For instance, the proportion of farmers that stated 'not having heard of climate change' is 40% lower than 'having experienced impacts of climate change'. This indicates an apparently lacking relationship between these two issues from the viewpoint of the farmers. Furthermore, droughts in Dassari, and less importantly floods and droughts in Dano, are highlighted as major climate hazards; these are also noted in national reports [68] . However, when referring to hazards, floods and wind/storms seem more relevant. This questions the role of floods, often prominent in reports, and reveals the role of wind/storms, often unaccounted for or neglected due to their association with the harmattan (Figure 3 
Overlapping results on farmers' perception of climate change and reports of harm to their own livelihoods show that various issues were not sufficiently considered. For instance, the proportion of farmers that stated 'not having heard of climate change' is 40% lower than 'having experienced impacts of climate change'. This indicates an apparently lacking relationship between these two issues from the viewpoint of the farmers. Furthermore, droughts in Dassari, and less importantly floods and droughts in Dano, are highlighted as major climate hazards; these are also noted in national reports [68] . However, when referring to hazards, floods and wind/storms seem more relevant. This questions the role of floods, often prominent in reports, and reveals the role of wind/storms, often unaccounted for or neglected due to their association with the harmattan (Figure  3 ). Regarding the occurrence of extreme events (shocks) within the past 10 years independent of damage to livelihoods, the responses at both sites were emphatic: 94.2% in Dassari and 75.2% in Dano (p < 0.01). However, when the farmers were asked about the details of these extreme events (type of shock, period of occurrence, number of occurrences), responses were less categorical. The average number of occurrences was low, and median values did not exceed two (out of 10 years). Furthermore, the dispersion is high and the lower quartiles predominate, whilst outliers tend to overestimate the shock occurrences (Figure 4 ). Regarding the occurrence of extreme events (shocks) within the past 10 years independent of damage to livelihoods, the responses at both sites were emphatic: 94.2% in Dassari and 75.2% in Dano (p < 0.01). However, when the farmers were asked about the details of these extreme events (type of shock, period of occurrence, number of occurrences), responses were less categorical. The average number of occurrences was low, and median values did not exceed two (out of 10 years). Furthermore, the dispersion is high and the lower quartiles predominate, whilst outliers tend to overestimate the shock occurrences (Figure 4) . Moreover, assigning responses regarding extreme events to specific years and overlapping these with records of cumulated rainfall during the rainy season (June-September) and average temperature in the dry season (February-May) reveals poor or no fit (Figure 5a,b) . This is confirmed by estimating the correlation coefficients and crosschecking the reported peaks, e.g., 2006 and 2008, with documented drought occurrences [69] . All in all, this indicates a subjective (often exaggerated) evaluation of extreme events. Moreover, assigning responses regarding extreme events to specific years and overlapping these with records of cumulated rainfall during the rainy season (June-September) and average temperature in the dry season (February-May) reveals poor or no fit (Figure 5a,b) . This is confirmed by estimating the correlation coefficients and crosschecking the reported peaks, e.g., 2006 and 2008, with documented drought occurrences [69] . All in all, this indicates a subjective (often exaggerated) evaluation of extreme events. Moreover, assigning responses regarding extreme events to specific years and overlapping these with records of cumulated rainfall during the rainy season (June-September) and average temperature in the dry season (February-May) reveals poor or no fit (Figure 5a,b) . This is confirmed by estimating the correlation coefficients and crosschecking the reported peaks, e.g., 2006 and 2008, with documented drought occurrences [69] . All in all, this indicates a subjective (often exaggerated) evaluation of extreme events. 
Coping Measures and Adaptation Strategies
Farmers' coping measures were quantified via an extensive survey and statistically analyzed for representativeness and consistency.
Asked about specific measures on their own farms, 94.2% of the farmers in Dassari and 97.5% in Dano confirmed having implemented at least one coping measure (p < 0.01). Responses were categorized by type, i.e., land/soil, cropping, livestock, modern technologies and market related. On average, each farmer carried out three soil-related practices, but only one crop-or technology-related practice. With regard to livestock, almost every farmer did something about this in Dano, but in Dassari, only three out of ten did so. Market-related measures were practiced by ca. 10% of the Dano farmers, but by about 33% in Dassari.
Soil fertilization was the most widespread coping measure. Roughly 50% of the farmers applied synthetic fertilizers and organic amendments (mainly manure). Physical conservation practices, such as stone bunds or ridges, were predominant in Dano (83.4%), and in Dassari, spatial measures, such as fallows, enclosures and expansion or reduction of plots were predominant (83.9%) (Figure 6a ). The use of improved, adapted and resistant varieties was equally widespread, with 42.4% of households in Dassari and 57% in Dano cropping such varieties. The introduction of prospective new species reached 22.3% in the farm households in Dassari and 38% in Dano. Off-season farming was observed in about 12% of the households in both catchments. Tree-or forest-related practices were restricted to Dassari with only 13.1% (Figure 6b) . In relation to livestock, in Dano, the number and diversity of implemented measures greatly exceeded those in Dassari (Figure 6c ). Regarding modern technologies, agrochemicals were used by 32.1% of the farmers in Dassari and by 47.1% in Dano. Mechanization and post harvesting varied from 13.2% in Dassari to 33.9% in Dano, while irrigation was virtually inexistent among the sampled households (Figure 6d) . Finally, the organization and marketing of agricultural products was limited to 20.4% of the households in Dassari and 10.9% in Dano. 
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Soil fertilization was the most widespread coping measure. Roughly 50% of the farmers applied synthetic fertilizers and organic amendments (mainly manure). Physical conservation practices, such as stone bunds or ridges, were predominant in Dano (83.4%), and in Dassari, spatial measures, such as fallows, enclosures and expansion or reduction of plots were predominant (83.9%) (Figure 6a ). The use of improved, adapted and resistant varieties was equally widespread, with 42.4% of households in Dassari and 57% in Dano cropping such varieties. The introduction of prospective new species reached 22.3% in the farm households in Dassari and 38% in Dano. Off-season farming was observed in about 12% of the households in both catchments. Tree-or forest-related practices were restricted to Dassari with only 13.1% (Figure 6b) . In relation to livestock, in Dano, the number and diversity of implemented measures greatly exceeded those in Dassari (Figure 6c ). Regarding modern technologies, agrochemicals were used by 32.1% of the farmers in Dassari and by 47.1% in Dano. Mechanization and post harvesting varied from 13.2% in Dassari to 33.9% in Dano, while irrigation was virtually inexistent among the sampled households (Figure 6d) . Finally, the organization and marketing of agricultural products was limited to 20.4% of the households in Dassari and 10.9% in Dano. The motivation behind the adoption of a specific set of agricultural practices was diverse. In the case of soil-related practices, it was mainly the amelioration and recovery of soil fertility and the prevention of soil loss, especially against hydraulic erosion. Crop-related practices in Dassari were control of pests, increase in production, prevention of famines, etc., while in Dano, production diversification and market opportunities were more important. The main reasons for livestockrelated practices were protection of herds, animal health and the side accumulation of manure. Technology-related practices, such as pest control and mechanization, were justified by the strong relation with cash-crop cultivation; this also applied to marketing and organizational practices.
Three underlying reasons for the activities can be assumed. First, the climatic homogeneity of both study sites is partially overpowered by their ecological and socioeconomic differences, e.g., soil physical conservation practices dominate in Dano due to the sloping landscape, whilst the spatialrelated practices in Dassari are due to the predominantly flat landscape. Second, market and institutional forces greatly influence the selection and implementation of adaptation practices, e.g., the subsidy programs for export crops such as cotton, which encouraging the use of agrochemicals, mechanization and transport. Finally, there was a long history of extension activities of the government and NGOs, recognizable in the implemented field practices and justifications by the farmers.
Furthermore, the consistency of responses concerning crop selection was assessed. The hypothesis that crop/species selection is climate change dependent or is for other reasons was tested The motivation behind the adoption of a specific set of agricultural practices was diverse. In the case of soil-related practices, it was mainly the amelioration and recovery of soil fertility and the prevention of soil loss, especially against hydraulic erosion. Crop-related practices in Dassari were control of pests, increase in production, prevention of famines, etc., while in Dano, production diversification and market opportunities were more important. The main reasons for livestock-related practices were protection of herds, animal health and the side accumulation of manure. Technology-related practices, such as pest control and mechanization, were justified by the strong relation with cash-crop cultivation; this also applied to marketing and organizational practices.
Three underlying reasons for the activities can be assumed. First, the climatic homogeneity of both study sites is partially overpowered by their ecological and socioeconomic differences, e.g., soil physical conservation practices dominate in Dano due to the sloping landscape, whilst the spatial-related practices in Dassari are due to the predominantly flat landscape. Second, market and institutional forces greatly influence the selection and implementation of adaptation practices, e.g., the subsidy programs for export crops such as cotton, which encouraging the use of agrochemicals, mechanization and transport. Finally, there was a long history of extension activities of the government and NGOs, recognizable in the implemented field practices and justifications by the farmers.
Furthermore, the consistency of responses concerning crop selection was assessed. The hypothesis that crop/species selection is climate change dependent or is for other reasons was tested using concordance (Cohen's kappa) and homogeneity (McNemar) tests [73] . Farmers were asked about the crops they had cultivated in the past five years in their five main plots (Supplementary Material).
Results show a hierarchy in the allocation of specific crops to specific plots, most likely in relation to their market value and potential economic revenues. Hence, the more fertile plots were cultivated with cash crops (cotton and rice) and the other plots with food crops, which seems to follow a prioritization: staple crops, cereals, beans and vegetables, maybe based on the proportional provision of carbohydrates, protein and vitamins. This is shown by linking (dotted lines) the average percentage values of cotton, maize and beans (Figure 7a,b) .
If, as hypothesized, farmers had changed their crop selection based on observations of climate and weather, we would see this in the findings of crop choices. However, this was not the case. On the contrary, results show that crop selection is more likely to be an ad hoc decision implemented in response to specific needs and framed into broader contexts, which include financial income, maintenance and increase in soil fertility, customary choices and food and nutrition security, which may refer to climate change, but not exclusively.
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Views of Government Agencies and NGOs
A broad spectrum of governmental agencies and non-governmental organizations (NGOs) operate in both catchments. Interviewed representatives seemed to have embraced the mainstream discourse of climate change: 'Global warming effects are greatly hampering rural householders' well-being and there is a need to respond promptly'. The mentions of local impacts are based on customary observations and do not differ from those by farmers, e.g., irregular onset, duration and end of rainfall periods, etc.
Activities by the government agencies, however, were not based on rhetorical discussions on climate change, but rather on customary agendas that prioritized good agricultural practices, such as soil conservation, use of organic amendments, introduction of improved varieties, etc., generally in the form of traditional extension approaches such as demonstration parcels. Officers reported a chronic lack of financial and material means as the main reasons for the lack of activities (I. A. In the case of NGOs, agendas are similar, but also subject to changes determined by funders' priorities and the terms and time frame of funding. Whilst in the past, field activities focused on agricultural production, later, more emphasis was placed on credit provision and organization for commercialization, and more recently on emerging issues such as HIV prevention and public health, urban sanitation and safeguarding of wildlife (M. O., director local NGO, Dano, 24 April 2013).
Although government officers and representatives of NGOs acknowledge the existence of National Adaptation Programs of Action (NAPA), these have not yet developed comprehensive and countrywide action plans, as they still lack logistic and financial means. Former efforts were fragmentary and modular, focusing on small areas with identified vulnerabilities and testing of ad 
Although government officers and representatives of NGOs acknowledge the existence of National Adaptation Programs of Action (NAPA), these have not yet developed comprehensive and countrywide action plans, as they still lack logistic and financial means. Former efforts were fragmentary and modular, focusing on small areas with identified vulnerabilities and testing of ad hoc adaptation practices. This strategy has recently been reinforced by the financial support of international donors and the operational assistance of international and national consultants. Existing institutions have enlarged and reframed their portfolio to address climate change activities. In Dano, NAPA actions were taken over by the Program of Agricultural Development (Programme Dévelopment de l'Agriculture; PDA), which has operated since 2013 with region-specific agendas. In south-west Burkina Faso, PDA focused on soil conservation. However, its activities were restricted mainly to networking and capacity building (N. P., Officer PDA Ioba province, Diebougou 05.03.2015). In the case of Dassari, NAPA is operated by the local office of the Agricultural Regional Agricultural Centers for Rural Development (Centres Agricoles Régionaux pour le Développement Rural; CARDER), and its activities include technical advice to farmers, provision of inputs for cotton cultivators, networking with related institutions, capacity building and monitoring of demonstration fields with pilot coping measures (A. N., officer CARDER Materi, Materi 11 March 2015).
Nonetheless, it was often stated that although climate change is not directly addressed, the regular activities carried out by local institutions, i.e., promotion of good agricultural practices, contributed indirectly to the increase in farmers' capabilities to combat several types of hazards, including those 
Conclusions
In short, this study reveals that farmer responses regarding climate change perception and their adaptation measures are often conjectural, not supported by statistical tests and inconsistent among each other. However, the broadness and diversity of climate change impacts are acknowledged by farmers and also handled in the same multifaceted way, but still site specifically. Moreover, the implemented measures tend to diverge from what is stated and reported, even by the actors themselves. Most stakeholders (including scientists) fail to acknowledge this complexity and to react accordingly. This questions the accuracy of the reports based on farmer statements lone and argues for a 'reality check' to test them rigorously.
The analyses of farmer perceptions and responses show that climate change-specific impacts on farming go beyond the well-known decline in yields, increase in pests and irregular provision of water; harm to livestock is not often reported. A priori farmer estimations on the importance of distressful climate elements are not always supported by quantitative in-depth analyses of specific responses, e.g., rainfall (floods) in Dassari is not as relevant as first stated, and in contrast, elements originally not considered hazards become such, e.g., windstorms in both catchments. Furthermore, the connection between the occurrence of climate-related hazards and the harm to households by extreme events (shocks) tends to be overestimated at least in the frequency of their occurrence. Attributing climate changes to mystical and supernatural causes does not prevent farmers from identifying their anthropogenic origins and reacting to the on-the-ground impacts via pragmatic actions. Climate change effects are rather recognized within a broader framework of concurring changes that involve social, ecological and institutional aspects.
Regarding the implementation of adaptation measures, institutionally, there is a conflict between what is intended and what is carried out. Although NAPAs exist, government agencies and NGOs lack operational and logistical capabilities, which limit their activities regarding sensitization and networking. Field activities, if taking place at all, refer to conventional extension of the promotion of good agricultural practices. On the farmer side, although 'only' 80% of them acknowledged changes in climate elements, they all carry out activities to support their adaptation to climate change. The practices prioritize soil conservation and crop species selection and are influenced by the particular socio-ecological settings. Nonetheless, cross-checking farmers' responses reveals that the drivers of crop species' selection are customary and not climatic, which explains the high rates of monocropping.
This supports the hypothesis that farmers' coping measures and adaptation strategies address not only climate change and variability, but also other wide-ranging demands, such as food security, inflow of cash and livestock capitalization, as well as invoke the scrutiny of generalized assertions, such as the climate-determined crop selection.
Within this framework, we found that the determinants for the selection of coping measures are: (i) The short-term economic return: Farmers prioritize options that show quick success and are as secure as possible in allowing them access to cash, as was demonstrated by the selection of crops. Good examples are government programs that sponsor the cultivation of commodity crops, such as cotton, by providing agrochemicals and technical advice and guaranteeing the sale of the harvests.
(ii) Compatibility with local ecological, social and institutional settings: Despite the geographic similarities of the study sites, comparing the farmers' responses reveals how soil loss or livestock feed provision are addressed through diverging, locally-adapted means. This implies divergences not only in technological criteria, but also in the institutional enforcement and the communities' adoption. (iii) Suiting to the customary farming traditions: Coping measures have to be tested in real conditions, so their social-ecological appropriateness and viability are validated. Normally, this occurs based on their long-term existence as in the case of agroforestry parklands, which are highly multifunctional and widely adopted. (iv) The influence of the national agricultural extension services (NAES): The long-term and consistent local presence of NAES is evident through the existing practices on-the-ground and the farmers' justifications to implement them, independent of the appropriateness of the practices and the dissemination methods.
In the study region, measures that fulfill these criteria exist, yet there is a lack of evaluation and validation of their appropriateness to support climate change adaptation, as well as the means for their optimization. For example, in the aforementioned subsidies program of commodity crops, quantifying the residual effect and diversion in the use of fertilizers and exploring the side benefits of organizing farmers in cooperatives for selling is still missing. In the case of agroforestry parklands, estimating the rates of firewood consumption against biomass regeneration, identifying the drivers of firewood collection and evaluating the alternatives to increase energy efficiency are necessary. In practice, implementing climate-change coping measures is a multiparty task, and therefore, the engagement of on-the-ground institutions is fundamental. NAES, local NGOs and NAPA's operative resources could close the gap in the identification, evaluation and monitoring of climate-smart agriculture instruments, but need to be empowered and provided with the necessary means to do so.
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